This paper is summarized from a report prepared by the Houston Regional Monitoring Corporation for submission to the U.S. Environmental Protection Agency explaining the methodology used in the East Harris County and West Chambers County for assessing community exposure to volatile compounds. The paper briefly discusses the program description, the rationale for selecting candidate airborne chemicals for detailed health effects assessments, and the method used to develop consensus guidance values based on accepted risk assessment methodologies. The results of a 6-month monitoring period are presented with health assessment indicators.
INTRODUCTION HE HOUSTON REGIONAL MONITORING CORPORATION (HRM) is currently gathering data on
T volatile organic indicators from six site locations in the HRM network. This measurement program was initiated in direct response to Title I11 of the Superfund Amendments Reauthorization Act (SARA). Concurrent with the volatile organic indicator measurement program, HRM has also convened a panel of expert toxicologists and health professionals from member companies. This group has begun the process of evaluating the data gathered and realistically assessing the potential for adverse community health effects of area-wide, long-term exposure to these chemical compounds.
This paper is summarized from the report titled "A Method for Assessing Community Exposure to Selected Volatile Indicator Compounds."(l) This paper describes the methodology and procedures HRM is currently using to evaluate the ambient volatile indicator measurement data and select compounds for detailed toxicologic assessment and evaluation. This paper further describes a procedure HRM is using to develop guidance values that will assist in the assessment of potential health risks from long-term inhalation exposure to a variety of airborne toxic chemicals.
Prepared by Houston Regional Monitoring Corporation.
LAGRONE

PROGRAM DESCRIPTION
A description of the HRM Long-Term Volatile Indicator Compound Program and the methodologies used to perform the risk assessment evaluations for selected compounds are provided in the following sections.
HRM baseline volatile indicator program description
The HRM monitoring program is described in detail in other documents developed for the HRM monitoring program. (2) The objective of the HRM Baseline Volatile Indicator Monitoring Program is to gather air quality data to improve our understanding of potential community exposure to airborne volatile indicator compounds emitted from both point and area sources situated in the Houston Ship Channel industrial complex. The specific goals of this program are to implement a monitoring program designed to measure ambient concentrations for a large representative class of volatile organic compounds characteristic of emissions from industrial activities in East Harris County and West Chambers County; employ state-of-the-art measurement methodologies that can be used to delineate spatial differences in the composition and concentration of selected volatile indicator compounds over a 900 square mile area; assemble a database of volatile indicator measurements over a sufficient time that can be used to assess both seasonal and annual variations; and to use the information obtained from the monitoring program to understand better the air quality concerns in Harris County and communicate this understanding to the public.
A group of 150 volatile organic and inorganic indicator compounds or compound groups are routinely sampled and analyzed at low ambient concentrations. The analytical reporting limits for most compounds are nominally quite low (i.e., in the low parts per billion [ppb] for the volatile organic compounds measured by HRM).
Monitoring is performed concurrently at each of six site locations once every sixth day. Twenty-four hour time-integrated samples are collected during each sampling period. The length of the sampling period was selected to assess community exposures over a 24 h period at each receptor location. The annual average exposure concentrations based on 24 h sampling periods will most closely relate to the annual emissions data required under SARA, Title 111, Section 313.
Rationale for selecting candidate airborne chemicals for detailed health effects assessment A committee of health effects experts from the HRM member companies has reviewed the data collected to date to assist in interpreting the significance of the volatile indicator data collected from the HRM network. Because of the large number of compounds involved, a screening and prioritization method was used to begin the process of assessing potential community health impacts and to select compounds for further, detailed health effects evaluation.
The first step was to consider criteria for screening the volatile indicator data. The HRM Health Effects Group used the Texas Air Control Board (TACB) Annual Effects Screening Levels (ESL) as a conservative first-tier screening tool. The TACB Annual ESL were developed for permit review purposes by the TACB Effects Evaluation Staff (EES). The ESL are believed to represent conservative no-effect values, which can then be compared to actual measured data collected by HRM. This approach was useful in prioritizing chemicals for detailed toxicologic investigation.
In general, TACB Annual ESL are based on use of the American Conference of Governmental Industrial Hygienists (ACGIH) threshold limit value-time = weighted average (TLV-TWA) for workers divided by a safety factor of 100 or 1000 to account for differences between exposures in the work force and the community. This procedure is designed to yield a conservative, no-
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effect value for TACB permit review purposes only, and is not designed to be a community exposure guidance standard.
Before the initial screening of the volatile indicator data, the mean concentration for each compound reported was computed by averaging the individual 24 h values (collected every sixth day) at each of six sites. The ratio of the highest mean ambient value to the ESL was then calculated and rank listed in decreasing order for all compounds for which annual ESL values exist. If the compound was below the method detection limit, it was considered to be of low priority for initial review. Chemicals that were measured at levels less than 10% of the ESL were also considered to be of low priority for initial review. The procedure for selecting chemicals for detailed toxicological evaluation is shown diagrammatically in Figure I .
The next step was to rank order the ESL comparative list to identify those chemicals known or suspected to be potential carcinogens, at least in animals, since definitive data in humans are usually not available. The committee then examined the rank-ordered list, and selected for ambient lifetime guidance value development those chemicals measured in the ambient air that represent a significant fraction (10% of ESL) of the TACB ESL for the development of ambient guidance values.
The committee reviewed the entire list of 150 chemicals and selected additional chemicals for inclusion on the list based on health concerns or toxicologic interest that are not reflected in the ESL approach.
Development of consensus guidance values based on accepted risk assessment methodologies
Since there are no universally recognized or established "safe" levels of community exposure for the compounds of interest, a committee of industry health effects experts from the HRM member companies provided initial guidance for interpreting the significance of the volatile indicator data collected from the HRM network.
A number of scientifically valid methods can and have been used to evaluate health effects and establish acceptably safe guidelines for exposure. For the initial assessment effort, the Lewis-Lynch-Nikiforov (LLN)(3) method was chosen by the HRM Health Risk Assessment Group and reflects a consensus judgment. The LLN method adjusts experimentally determined "minimum effect" or "no effect" levels (usually, although not always, from laboratory animal studies), while taking into account the known differences between laboratory animals and humans and between experimental conditions and the real world, the type and severity of the suspected adverse effect, the potency of the suspected toxic agent, the general quality of the experimental database, and the uncertainties in developing acceptably safe exposure guidelines.
The LLN method is an extension of the EPA reference dose (RFD)(4' method that uses the entire toxicologic database for each compound under evaluation.
This systemic approach for developing a consensus ambient guideline to evaluate the significance of ambient measurement data depends heavily on experience and professional judgment. The general steps used by the HRM panel of health professionals for developing consensus guideline values are shown in Figure 2 .
One risk assessment methodology for carcinogens that was considered but not adopted by the HRM Risk Evaluation Group, for the reasons stated below, was the U.S. Environmental Protection Agency Cancer Assessment Group's (EPA CAG) (5) 
DATA PRESENTATION AND INTERPRETATION OF RESULTS
The ambient measurement results for the selected volatile organic compound (VOC) indicator compounds are given in Table 1 . These data show the range of the calculated mean values for each compound compared to three selected exposure indices. These data were collected every sixth day between September, 1987, and March, 1988 . The Texas Air Control Board (TACB) effect screening levels (ESL)@) were used as an initial tool to screen the database. Only data for compounds that have published TACB ESL or occupational exposure guidelines are presented in the adaptation of the "Philadelphia" method.(g) Both the TACB annual ESL and the Philadelphia method are considered to represent low or no adverse health effect lifetime exposure values used to evaluate modeled ambient impacts of selected toxic or hazardous substances from emission sources. Aspects of both methods use appropriate occupational guidelines: TLV-TWAs or permissible exposure limits (PELS) divided by a fixed factor. The TACB annual ESL is typically derived by dividing the appropriate occupational guideline by 1000 for an annual guideline. The Philadelphia method, presented here, is derived by dividing the TLV by 420. This safety factor adjusts occupational exposures from 8 to 24 h and provides an additional factor of 100 safety for exposure to carcinogens.
Using the screening method previously described, the industry panel selected 13 compounds for initial health review: acrylonitrile, benzene, 1,3-butadiene, 1,2-dichloroethane, 1,4-dioxane, isoprene, nhexane, carbon tetrachloride, methylene chloride, styrene, tetrachloroethylene, toluene, and mixed xylenes.
An initial health effects review of those compounds listed above was performed in accordance with the methodology cited(l.3) by the panel of industry health professionals. Based on their initial review of the volatile indicator data gathered to date, and in accordance with the protocol described in this report, the panel's preliminary consensus judgment is that the ambient concentrations of those compounds measured (which reflect emissions from all sources, including mobile sources and other nonindustrial sources) do not suggest a significant increased health risk to the community. However, work is continuing to collect additional measurement data and further assess potential health risks. All sites (1, 3, 4, 7, 8, 11) 
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